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[57] ' ABSTRACT 

Sialon-base ceramic materials having both high hard 
ness and good sinterability and can show excellent wear 
resistance when used in cutting tools and other wear 
resisting tools. A Sialon-base ceramic material accord 
ing to the invention has main components consisting of 
B-Sialon expressed by a chemical formula 5122141202148. 
2, 2 being larger than 0 but not more than 4.3, and a-Sia 
lon expressed by a chemical formula Mx(Si, A1)1. 
2(O,N)16, x being larger than 0 but not more than 2, M 
representing at least one selected from the group con 
sisting of Li, Na, Ca, Mg, Y, and any rare earth element, 
the ratio of the a-Sialon/the ,B-Sialon being within a 
range from 25/75 to 95/5 in volume. The Sialon-base 
ceramic material further includes as a disperse phase 
forming component 140 percent by volume at least one 
selected from the group consisting of carbide of Ti, Zr, 
or Hf, nitride thereof, carbo-nitride thereof, and carbo 
oxi-nitride thereof, and as a combined phase-forming 
component l-20 percent by volume at least one selected 
from the group consisting of oxide of any of the above 
M-forming elements, the above disperse phase-forming 
metallic elements, Si, or Al, and nitride thereof. Part of 
the above disperse phase-forming component (S1) may 
be substituted by at least one (S2) selected from the 
group consisting of carbide of V, Nb, Ta, or Cr, nitride 
thereof, carbo-nitride thereof, carbo-oxi-nitride thereof, 
and carbide of M0 or W, the ratio S2/(S1+S2) being 
within a range from 0.01 to 0.5 in volume. 

10 Claims, No Drawings 
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SIALON-BASE CERAMIC MATERIALS 
EXCELLENT IN WEAR RESISTANCE 

BACKGROUND OF THE INVENTION 

This invention relates to Sialon-base ceramic materi 
als very excellent in wear resistance, and more particu 
larly to Sialon-base ceramic materials adapted for use in 
cutting tools and other wear-resisting tools. 

In recent years, silicon nitride-base ceramic materials 
have become used in cutting tools and other wear-resist 
ing tools. However, such ceramic materials suffer from 
low sinterability since silicon nitride (hereinafter re 
ferred to as “Si3N4”) is a compound having a strong 
covalent bond. Therefore, many ceramic materials of 
this type have conventionally been produced by means 
of hot pressing. According to the conventional hot 
pressing method, however, it is difficult to obtain prod 
ucts having complicated shapes from Si3N4-base ce 
ramic materials, and the method suffers from low yield. 
Attempts have been made to employ in cutting tools 

and other wear-resisting tools Sialon-base ceramic ma 
terials, which have higher sinterability than Si3N4 and 
also have high thermal shock resistance as well as oxida 
tion resistance. Such Sialon-base ceramic materials are 
composed mainly of a compound obtained by substitut 
ing A] and 0, respectively, for part of Si and part of N 
in the crystal lattice of ,B-Si3N4, that is, B-Sialon ex 
pressed by a chemical formula Si6.zAlZOzN8.z where z is 
larger than 0 but not more than 4.3. Such Sialonbase 
ceramic materials have high toughness but do not pos 
sess sufficient hardness, that is, their hardness is e.g. of 
the order of 92 in terms of Rockwell hardness (A scale). 
Therefore, such Sialon-based ceramic materials cannot 
show satisfactory wear resistance when used in cutting 
tools and other wear-resisting tools. 

OBJECT AND SUMMARY OF THE INVENTION 

It is the object of the invention to provide Sialon-base 
ceramic materials which possess both high hardness and 
excellent sinterability and can thereofore show excel 
lent wear resistance when used in cutting tools and 
other wear-resisting tools. 
The present invention provides a Sialon-base ceramic 

material consisting essentially of: 
(a) 1-40 percent by volume at least one disperse 

phase-forming component selected from the group 
consisting of carbide of Ti, Zr, or Hf, nitride 
thereof, carbo-nitride thereof, and carbo-oxi 
nitride thereof; 

(b) 1-20 percent by volume at least one combined 
phase-forming component selected from the group 
consisting of oxide of Li, Na, Ca, Mg, Y, any rare 
earth element, Ti, Zr, Hf, Si, or Al, and nitride 
thereof; and 

(c) the balance of B-Sialon expressed by a chemical 
formula SiMAlzOZNh, 2 being larger than 0 but 
not more than 4.3, and a-Sialon expressed by a 
chemical formula Mx(Si, Al)12(O, N)“, x being 
larger than 0 but not more than 2, M representing 
at least one selected from the group consisting of 
Li, Na, Ca, Mg, Y, and any rare earth element, and 
inevitable impurities, wherein the ratio of the a 
Sialon/the B-Sialon is within a range from 25/75 to 
95/5 in volume. 

The invention provides a second Sialon-base ceramic 
material consisting essentially of: 
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2 
(a) l-40 percent by volume at least one disperse 

phase-forming component (hereinafter referred to 
as S1) selected from the group consisting of carbide 
of Ti, Zr, or Hf, nitride thereof, carbo-nitride 
thereof, and carbo-oxi-nitride thereof, and at least 
one disperse phase-forming component (hereinaf 
ter referred to as S2) selected from the group con 
sisting of carbide of V, Nb, Ta, or Cr, carbo-nitride 
thereof, carbo-oxi-nitride thereof, carbide of Mo, 
and carbide of W, wherein the ratio S2/(Sl +S2) is 
within a range from 0.01 to 0.5 in volume; 

(b) l-20 percent by volume at least one combined 
phase-forming component selected from the group 
consisting of oxide of Li, Na, Ca, Mg, Y, any rare 
earth element, Ti, Zr, Hf, V, Nb, Ta, Cr, Mo, W, 
Si, or Al, and nitride thereof; and 

(c) the balance, of B-Sialon expressed by a chemical 
formula Si6.zAlzOzN8_Z, 2 being larger than 0 but 
not more than 4.3, a-Sialon expressed by a chemi 
cal formula Mx(Si, Al)12(O, N)“, x being larger 
than 0 but not more than 2, M representing at least 
one selected from the group consisting of Li, Na, 
Ca, Mg, Y, and any rare earth element, and inevita 
ble impurities, wherein the ratio of the a-Sialon/ 
the B-Sialon is within a range from 25/ 75 to 95/5 in 
volume. 

The above and other objects, features and advantages 
of the invention will be more apparent from the ensuing 
detailed description. 

DETAILED DESCRIPTION 

Under the aforestated circumstances, the present 
applicants have made many studies in order to improve 
conventional Sialon-base ceramic materials composed 
mainly of the aforementioned B-Sialon so as to impart 
higher hardness and accordingly excellent wear resis 
tance to the ceramic materials, without sacri?cing the 
good sinterability thereof. As a result, the applicants 
have reached the following ?ndings: 

(a) A ceramic material will have enhanced hardness 
and accordingly excellent wear resistance, if it 
contains, together with the aforementioned B-Sia 
lon, a compound obtained by substituting part of Si 
and part of N forming the crystal lattice of a-Si3N4 
by Al and by 0, respectively, and also contains at 
least one selected from the group consisting of Li, 
Na, Ca, Mg, Y, and any rare earth elements (these 
elements will be hereinafter called generally “M”) 
wherein the M is present interstitially in the crystal 
lattice in the form of solid solution, that is, an a-Sia 
lon expressed by a chemical formula Mx(Si, Al)1. 
2(0, N)16 wherein x is larger than 0 but not more 
than 2; 

(b) If a ceramic material containing both a-Sialon and 
B-Sialon as mentioned above also contains, as a 
disperse phase-forming component, at least one 
selected from the group consisting of carbide of Ti, 
Zr, or Hf, nitride thereof, carbo-nitride thereof, 
and carbo-oxinitride thereof (these compounds will 
be hereinafter called generally “Sl”), the growth 
of grains of the Sialon will be restrained during 
sintering of the ceramic material, which improves 
the sinterability of the ceramic material so that the 
ceramic material will have further enhanced hard 
ness and accordingly further improved wear resis 
tance; 

(c) If in a ceramic material containing both a-Sialon 
and B-Sialon as well as S] as mentioned above, part 
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of the S1 is substituted by at least one selected from 
the group consisting of carbide of V, Nb, Ta, or Cr, 
nitride thereof, carbo-nitride thereof, and carbooxi 
nitride thereof, carbide of Mo, and carbide of W 
(these compounds will hereinafter called generally 
“S2”), the growth of grains of the Sialon will be 
restrained to a further extent during sintering of the 
ceramic material, to thereby further improve the 
hardness and strength of the ceramic material; and 

(d) If a ceramic material having the chemical compo 
sition as stated in the above paragraph (b) or (c) 
further contains, as a combined phase-forming 
component, at least one selected from the group 
consisting of oxides of elements previously stated 
as the M, metallic elements forming the aforemen 
tioned S1 and S2 as disperse phase-forming compo 
nents, Si, and Al, and nitrides thereof, such com 
bined phase-forming component(s) contained in the 
ceramic material will have a sufficiently low melt 
ing point and therefore will form a liquid phase 
during sintering of the ceramic material to promote 
the sintering. In addition, in the sintered ceramic 
material, the combined phase-forming com 
ponent(s) exists in a vitreous or crystal state at the 
grain boundary of the Sialon to densify the sintered 
ceramic material and accordingly enhance the 
hardness thereof. 

The present invention is based upon the above ?nd 
> ings. 

Sialon-base ceramic materials according to the inven 
tion have the aforestatecl chemical compositions. 

In Sialon-base ceramic materials according to the 
invention, the ratio (ct/,8) of the a-Sialon/the B-Sialon 
is limited within a range from 25/75 to 95/5 in volume. 
If the ratio of the a-Sialon is less than 25, sufficient 
increase of the hardness of the ceramic material cannot 
be obtained, while if the ratio of the a-Sialon exceeds 
95, the sinterability of the ceramic material will be de 
graded. Best results of enhancement of the hardness and 
the wear resistance can be obtained if the ratio of the 
a-Sialon is within a range from 30 to 85 in volume. 
The B-Sialon, which is expressed by the chemical 

formula Si6.zAlzOZNg.z as stated before, must satisfy that 
the value of z is in the relationship of 0<z§4.3, because 
no composition of the ,B-Sialon with the value of 2 more 
than 4.3 can exist. Even within the above range, if the 
value of z is large, large pores can be formed in the 
resulting ceramic materials, and also the strength of the 
resulting ceramic materials will decrease. Therefore, 
the value of 2 should desirably be larger than 0 but not 
more than 2.0. 
The a-Sialon, which is expressed by the chemical 

formula Mx(Si, Al)12(O, N)“; as stated before, should 
satisfy that the value of x is in the relationship of 
0<x§2, because if the value of x exceeds 2, the M 
cannot completely occupy in the form of solid solution 
holes between atoms in the crystal lattice. The ratio 
between Si, Al, 0, and N varies in dependence on the 
kind of the M and the value of x and assumes such a 
value that the positive valence and the negative valence 
are equal to each other. 

In ceramic materials according to the invention, the 
51 content is limited within a range from 1 to 40 percent 
by volume. If the S1 content is smaller than 1 percent by 
volume, the ceramic materials cannot have required 
hardness or required wear resistance, whereas if in ex 
cess of 40 percent by volume, it will result in degrada 
tion in the sinterability as well as spoilage of the thermal 
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4 
shock resistance. Best results of enhancement of the 
hardness and the wear resistance can be obtained if the 
81 content is within a range from 5 to 30 percent by 
volume. 
On the other hand, in ceramic materials according to 

the invention wherein part of the S1 is substituted by S2, 
the ratio of substitution of S2, i.e., S2/ (S1 + S2) is should 
be within a range from 0.01 to 0.5 in volume, because if 
the same ratio is less than 0.01, a desired effect of re 
straint of the grain growth of the Sialon cannot be 
achieved, whereas in excess of 0.5, degraded sinterabil 
ity will result. 
The content of the above combined phase-forming 

component is limited within a range from 1 to 20 per 
cent by volume. If the same content is less than 1 per 
cent by volume, the ceramic materials cannot have 
desired high density, while if in excess of 20 percent by 
volume, reduced strength of the ceramic materials will 
result. Best results can be obtained if the same content is 
within a range from 2 to 10 percent by volume. 
To manufacture Sialon-base ceramic materials ac 

cording to the invention, the following starting pow 
ders are ?rst prepared by way of example: 

(i) Powders of compounds for forming a-Sialon and 
,B-Sialon, which may be any one of the following 
combinations (a)-(c): 

(a) Powder of Si3N4+powder of Al2O3+powder of 
AlN; 

(b) Powder of Si3N4+powder of SiO2+powder of 
AlN; 

(0) Powder of Si2ON2+Powder of AlN; 
(ii) Powders of oxide(s) of M and nitride(s) thereof 
which can be dissolved as solid solution in the 
a-Sialon and can also form the combined phase; 

(iii) Powders of compounds of S1 and S2 for forming 
the disperse phase, and powders of two or more 
solid solutions of the SI and S2 compounds; and 

(iv) Powders of oxides of metallic elements forming 
S1 and S2, as combined phase-forming compo 
nents. 

The above Si3N4 should preferably have a high a 
phase content. 
These starting powders are blended into a predeter 

mined composition. The blending ratio should be so set 
that the ratios of Al and N are larger than those calcu 
lated from the chemical formula of the B-Sialon. The 
blended powders are mixed, and the resulting mixture is 
subjected to hot pressing at a temperature falling within 
a range from 1550“ to 1800° C. Alternatively, a green 
compact prepared from the mixture is subjected to sin 
tering at a temperature falling within the same range as 
above. 
Although such green compact may be directly ex 

posed to the atmospheric gas during sintering, the heat 
affected surface layer of the resulting sintered ceramic 
material will have an increased thickness. Therefore, 
preferably such green compact should be buried in 
powder of Si3N4 during sintering. Further, the sintering 
should be carried out in an atmospheric gas containing 
N2 so as to restrain decomposition of the Si3N4 during 
sintering. Preferably, such atmospheric gas may consist 
of N2 alone, though a mixture gas of N2 and H2 or N; 
and Ar may be used instead. The pressure of the atmo 
spheric gas may preferably be set at l atmospheric pres 
sure, though it may be set at approximately 0.9 atmo 
spheric pressure. Although more preferably the same 
pressure may be set at a value higher than 1 atmospheric 
pressure, a special sintering furnace will then be re 
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quired. The sintering temperature should range from 
1500’ to 1800° C. as stated before, and more preferably 
from 1650’ to 1750° C. 

Further, ceramic materials thus sintered may further 
be subjected to hot hydrostatic pressure sintering if 5 terials Nos. 11-14 obtained as above had their composi 
required, to densify the ceramic materials. tions examined by means of microscopic analysis, X-ray 
Examples of the ceramic materials according to the diffraction, etc. and also were tested in respect of hard 

invention will now be described in detail. ness (Rockwell Hardness: A scale). Further, they were 
each cut into the form of a cutting insert according to 

EXAMPLE 1 10 SNGN 432 (ISO: SNGN 120408). The cutting inserts 
The following starting powders were prepared: pow- tips were subjected to a hard cast iron-cutting test under 

der of Si3N4 of which the a phase content is 90 percent the following cutting conditions: 
by volume vand powder of CaO, both having a mean Work Material: Cast Iron (Chilled roll with a Shore 
grain size of 0.8 pm, powder (It-A1203 and powder of Hardness degree of 90); 
MgO, both having a mean grain size of 0.6 pm, powder 15 Cutting Speed: 50 m per minute; 
of AlN and powder of TiN both having a mean grain Feed Rate: 0.15 mm per rev.; 
size of 1.5 pm, powder of LiZO, powder of N820 and Depth of Cut: 0.5 mm; 
powder of Y2O3, all having a mean grain size of 1.0 pm, Cutting Time: 5 minutes 
powder of TiC and powder of ZrC0_5N0_5 (hereinafter In the above cutting test, the ?ank wear of each cut 
merely referred to as “ZrCN”), both having a mean 20 ting insert was measured. The results of measurements 
grain size of 1.3 pm, and powder of HfC0_7N0_2O0_1 are also shown in Table 1. 
(hereinafter merely referred to as “HfCNO”) having a It will be learned from Table 1 that the ceramic mate 
mean grain size of 1.7 pm. These starting powders were rials Nos. l-lO according to the invention show very 
blended into compositions shown in Table 1. Each of excellent characteristics in respect of hardness and wear 
the blended powders. was mixed in a wet-type ball mill 25 resistance, while the results of the comparative ceramic 
for 72 hours, then dried, and charged into ahot-pressing materials Nos. 11-14 in the table show that if one or 
graphite die. In the graphite die, each mixture was sub- more components of a ceramic material of this kind 
jected to hot press sintering in the atmosphere under a have contents falling outside the range of the present 
pressure of 200 Kg/cmz, at a temperature of 1700° C., invention, it will be much inferior in wear resistance for 
and for 30 lack of sufficient hardness and also will be easily‘ 

TABLE 1 

6 
the range of the present invention, whose content value 
is asterisked in Table 1. 
Then, the ceramic materials Nos. 1-10 according to 

the present invention and the comparative ceramic ma 

CHEMICAL COMPOSITION 
OF STARTING POWDER 

(% by volume) 
COMPOSITION OF 

CERAMIC MATERIALS 
DISPERSE COMBINED 1% by volume} 

SIALON-FORMING PHASE- PHASE- DIS- COM- ROCKWELL FLANK 
COMPOUND FORMING FORMING RATIO PERSE BINED HARDNESS WEAR 

Specimen Si3N4 AlN A1203 COMPOUND COMPOUND a/B PHASE PHASE (A scale) (mm) 
CERAMIC MATERIALS ACCORDING TO THE PRESENT INVENTION 

1 86.1 6.5 0.4 TiNzZ MgOz5 30/ 70 2 4 93.8 0.21 
2 75.0 6.9 0.1 ZrCNzlO Nag0=3 60/40 10 7 94.3 0.18 

MgO:5 
3 67.0 8.0 — HfCNO: 15 C20: 10 50/50 15 8 94.1 0.19 
4 59.3 5.5 0.2 TiCz20 Li2O:15 60/40 20 10 94.4 0.16 
5 57.6 - 5.8 0.6 TiNzlO, 1.12021 30/70 20 13 94.2 0.17 

ZrCNzlO Y203:l5 
6 58.0 4.0 — TiN:30 NagOzB 40/60 30 6 94.0 0.20 
7 39.6 5.4 — ZrCNzZO, Y2O3:20 90/ 10 35 18 94.5 0.15 

HfCNOzlS 
8 40.0 5.0 — TiC:20, Y203z15 80/20 40 13 94.3 0.18 

TiN:20 
9 41.5 5.5 — TiCzS, Y2O3:5 70/30 35 15 94.0 0.21 

ZrCNzZO MgOz13 
HfCNOzlO 

10 51.3 3.6 0.1 ZrCNz25 LigO:l, 50/50 25 17 93.9 0.23 
MgOzS, 
Y203:l4 

COMPARATIVE CERAMIC MATERIALS 

11 88.3 6.3 0.4 — MgO:5 30/70 —" 3 93.6 0.45 
12 36.4 3.0 0.6 TiNz50 YgOgzlO 5/95' 50' 8 92.6 chipped after 

2 minutes 
13 86.0 1.3 2.7 ZrCN=l0 — 0/ 100 10 —* could not be could not 

tested due to be used for 
low density cutting 

14 86.2 2.2 4.6 — Y2O3:7 0/100 —* 10 91.8 ' chipped 

after 1 
minute 

a retention time of 1 hour, to obtain ceramic materials 
according to the present invention Nos. 1-10, and com- 65 
parative ceramic materials Nos. 11-14. The compara 
tive ceramic materials Nos. 1l-l4 each have at least one 
of its components contained in an amount falling outside chipped during cutting. 
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EXAMPLE 2 

Prepared as the starting powders were powder of 
Er2O3 having a mean grain size of 0.5 pm, and powder 

8 
high hardness and excellent wear resistance, while the 
comparative ceramic materials Nos. 20-22, of which 
one or more components have contents falling outside 
the range of the present invention, show interior char 

of TiC0,3N0_7 (hereinafter referred to as “TiCN”) and 5 acteristics to the ceramic materials according to the 
powder of YN, both having a mean grain size of 1.6 pm, invention in respect of hardness and wear resistance. 
in addition to powder of Si3N4, powder of AlN, powder 
of a-A12O3, powder of Y2O3, and powder of ZrCN EXAMPLE 3 
which are the same as those used in Example 1. These Prepared as the starting powders were powder of 
starting powders were blended into compositions 10 VC, powder of ZrN, and powder of solid solution (W, 
shown in Table 2. Each of the blended powders was Ti)CN (WC/T iC/TiN=60/25/ 15 in weight), all hav 
mixed and dried under the same conditions as in Exam- ing a mean grain size of 1.8 pm, powder of solid solution 
ple 1. Then, each of the mixtures was pressed under a (Nb, Ta)CNO (NbC/TaN/TaO=70/29/l in weight) 
pressure of l ton/cm2 into a green compact, and the and powder of Cr3C2, both having a mean grain size of 
green compact was subjected to sintering in a state 15 1.5 pm, and powder of M02C having a mean grain size 
buried in powder of Si3N4 in an atmospheric N2 gas of 1.2 pm, in addition to powder of Si3N4, powder of 
under 1 atmospheric pressure at a temperature of 1720“ AlN, powder of (1-Al203, and powder of Y2O3, which 
C. and for a retention time of 2 hours, to obtain ceramic are the same as those used in Example 1, and also to 
materials Nos. 15-19 according to the present invention powder of TiCN which is the same as that used in Ex 
and comparative ones Nos. 20-22. 20 ample 2. These starting powders were blended into 
The above ceramic materials Nos. 15-19 according to compositions shown in Table 3. Each of the blended 

the present invention and the comparative ones Nos. powders was mixed and dried under the same condi 
20-22 were examined in respect of composition and tions as in Example 1. Thereafter, the dried mixtures 
hardness in the same manners as in Example 1, and from were each subjected to hot press sintering under the 
which were obtained cutting inserts according to 25 same conditions as in Example 1, except that the hot 
SNGN 432 ISO: SNGN 120408). The cutting inserts press-sintering temperature was 1670‘ C., to obtain 
were then subjected to a cast iron-milling test under the ceramic materials Nos. 23—27 according to the present 
following testing conditions: invention and comparative ones Nos. 28 and 29. 

Cutter: Double Negative type cutter having a diame- The ceramic materials Nos. 23-27 according to the 
ter of 160 mm; 30 invention and comparative ones Nos. 28 and 29 were 

TABLE 2 
CHEMICAL COMPOSITION 
OF STARTING POWDER COMPOSITION OF 

(% by volume) CERAMIC MATERIALS 
DISPERSE COMBINED (98 by volume) 

SIALON-FORMING PHASE- PHASE- DIS- COM- ROCKWELL FLANK 
COMPOUND FORMING FORMING RATIO PERSE BINED HARDNESS WEAR 

Specimen Si3N4 AIN A1203 COMPOUND COMPOUND a/B PHASE PHASE (A scale) (mm) 

CERAMIC MATERIALS ACCORDING TO THE PRESENT INVENTION 
15 76.5 8.5 - TiCN:S Y2O3=10 70/30 5 8 94.1 0.23 
16 77.2 5.8 - ZrCN:2 ErzO3zl5 50/50 2 13 93.8 0.25 
17 65.8 5.0 0.2 TiCN:7 YN:20 60/40 9 17 94.0 0.21 

ZrCN:2 
18 78.7 6.9 0.4 TiCN:4 ‘(203:5 30/70 4 7 93.9 0.27 

EI203:5 
19 73.3 5.5 0.2 ZrCN:6 Y2O3:5 40/60 6 12 93.8 0.26 

YN:10 
COMPARATIVE CERAMIC MATERIALS 

20 86.2 2.2 4.6 - Y2O3:7 0/100 -' 9 92.0 0.45 
21 82.7 7.2 0.6 TiCN:0.l Y2O3:l0 30/70 0.1’ 8 93.5 0.42 
22 46.4 3.5 0.1 ZrCN:45 Er2O3:5 40/60 45' 4 could not be could not 

tested due to be used for 
low density cutting 

‘falls outside the range of the present invention 

Work Material: Square bar of gray cast iron accord 
ing to FC 25 (J IS) having a size of 150 mm in width 
and 400 mm in length; 

Cutting Speed: 300 m per minute; 
Depth of Cut: 2 mm; 
Feed Rate: 0.17 mm per tooth; 
Cutting Time: 1 hour; 
Cutting Manner: The cutting insert was mounted on 

the cutter and cutting was effected with center of 
the cutter aligned with the transverse center of the 
work material. 

In the above milling test, the ?ank wear of each cut 
ting insert was measured. The results of measurements 
are also shown in Table 2. 

It will be learned from Table 2 that the ceramic mate 
rials Nos. 15-19 according to the invention has very 

55 

65 

examined in respect of composition and hardness under 
the same conditions as in Example 1, and from which 
were obtained cutting inserts according to SNGN 432 
(ISO: SNGN 120408). The cutting inserts were then 
subjected to a hardened steel-cutting test under the 
following cutting conditions: 
Work Material: Round bar of Steel SKD-6l of .118 
(HRC Hardness: 55); 

Cutting Speed: 120 in per minute; 
Depth of Cut: 0.5 mm; 
Feed Rate: 0.2 mm per rev.; 
Coolant: Continuous lubrication of Water-soluble oil; 
Cutting Time: 15 minutes 
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In the above cutting test, the ?ank wear of each cut 
ter tip was measured. The results of measurements are 
also shown in Table 3. Table 3 also shows results of a 
hardened steel-cutting test conducted on a conventional 

10 
Sialon/the B-Sialon is within a range from 25/75 to 
95/5 in volume. 

2. The Sialon-base ceramic material as claimed in 
claim 1, wherein the ratio of the a-Sialon/the B-Sialon 

Al2O3-base ceramic material sold on the market, for 5 is within a range from 30/70 to 85/15 in volume. 
comparison. 3. The Sialon-base ceramic material as claimed in 

TABLE 3 
CHEMICAL COMPOSITION 
OF STARTING POWDER 

(% by volume) COMPOSITION OF CERAMIC 
DISPERSE MATERIALS ROCK 
PHASE- COMBINED (% by volume) WELL 

SIALON-FORM- FORMING PHASE- DIS- COM- RATIO HARD- FLANK 
Spec- ING COMPOUND COMPOUND FORMING RATIO PERSE BINED SZ/ NESS WEAR 

imen Si3N4 AlN A1203 8] S2 COMPOUND a/B PHASE PHASE (81+ 5;) (A scale) (mm) 
CERAMIC MATERIALS ACCORDING TO THE PRESENT INVENTION 

23 77.1 6.7 0.2 TiCNzS vc=1 YzOgzlO 60/40 6 B 0.17 94.1 0.30 
24 72.1 10.8 0.1 (W,Ti)CN:l0 Y203:7 70/30 10 6 0.33 94.4 0.33 
25 60.5 8.0 0.5 ZrNzZO (Nb,Ta) Y2O3:6 40/60 25 4 0.20 94.2 0.30 

CNO:5 
26 58.7 5.0 0.3 ZrNz30 Cr3C1:l Y2O3:5 50/50 31 4 0.03 94.2 0.28 
27 68.4 8.4 0.2 TiCN:5 M0205 Y2O3:8 60/40 15 6 0.33 94.1 0.31 

ZrN:5 
COMPARATIVE CERAMIC MATERIALS 

28 70.4 5.8 0.8 TiCN:5 Cr3C2:l0 Y2O3:8 5/95 15 6 0.67‘ 93.3 0.56 
29 79.9 8.0 0.1 - - Y2O3:l2 60/40 —' 10 -* 93.7 0.75 

Al2O3—— Al1O3—25% by volume TiC 93.7 chipped 
based after 10 
on the seconds 
Market 

‘falls outside the range of the present invention 

It will be learned from Table 3 that the ceramic mate 
rials Nos. 23-27 according to the invention show very 
excellent characteristics in respect of hardness and wear 
resistance, while the comparative ceramic materials 
Nos. 28 and 29, of which one or more components have 
contents falling outside the range of the present inven 
tion, and the Al2O3-base ceramic material all show 
inferior characteristics to the ceramic materials accord 
ing to the invention particularly in respect of wear 
resistance. 
As stated above, ceramic materials according to the 

present invention possess high hardness and can show 
excellent wear resistance in practical use. Therefore, 
they can stably exhibit excellent performance as cutting 
tools or other wear-resisting tools for a long period of 
time. 
What is claimed is: 
1. A Sialon-base ceramic material consisting essen 

tially of: 
(a) l-40 percent by volume at least one dispersed 

phase-forming component selected from the group 
consisting of carbide of Ti, Zr, or Hf, nitride 
thereof, carbo-nitride thereof, and carbo-oxi 
nitride thereof; 

(b) 1-20 percent by volume at least one combined 
phase-forming component selected from the group 
consisting of oxide of Li, Na, Ca, Mg, Y, any rare 
earth element, Ti, Zr, Hf, Si, or Al, and nitride 
thereof; and 

(c) the balance of B-Sialon expressed by a chemical 
formula Si6.zAlZOzNg.z, 2 being larger than 0 but 
not more than 4.3, and a-Sialon expressed by a 
chemical formula Mx(Si, Al)1z(O, N)16, x being 
larger than 0 but not more than 2, M representing 
at least one selected from the group consisting of 
Li, Na, Ca, Mg, Y, and any rare earth element, and 
inevitable impurities, wherein the ratio of the a 

35 

40 

45 

50 

55 

60 

65 

claim 1, wherein z is larger than 0 but not more than 2.0. 
4. The Sialon-base ceramic material as claimed in 

claim 1, wherein said at least one disperse phase-form 
ing component is contained in an amount from 5 to 30 
percent by volume. 

5. The Sialon-base cermaic material as claimed in 
claim 1, wherein said at least one combined phase-form 
ing component is contained in amount from 2 to 10 
percent by volume. 

6. The Sialon-base ceramic material consisting essen 
tially of: 

(a) 1-40 percent by volume at least one dispersed 
phase-forming component (hereinafter referred to 
as S1) selected from the group consisting of carbide 
of Ti, Zr, or Hf, nitride thereof, carbo-nitride 
thereof, and carbo-oxi-nitride thereof, and at least 
one disperse phase-forming component (hereinaf 
ter referred to as S2) selected from the group con 
sisting of carbide of V, Nb, Ta, or Cr, carbo-nitride 
thereof, carbo-oxi-nitride thereof, carbide of Mo, 
and carbide of W, wherein the ratio S2/(Sl +S2) is 
within a range from 0.01 to 0.5 in volume; 

(b) l-20 percent by volume at least one combined 
phase-forming component selected from the group 
consisting of oxide of Li, Na, Ca, Mg, Y, any rare 
earth element, Ti, Zr, Hf, V, Nb, Ta, Cr, Mo, W, 
Si, or Al, and nitride thereof; and 

(c) the balance of B-Sialon expressed by a chemical 
formula Si?-zAlzOzNB-z, 2 being larger than 0 but 
not more than 4.3, and q-Sialon expressed by a 
chemical formula Mx(Si, Al)12(O, N)16, x being 
larger than 0 but not more than 2, M representing 
at least one selected from the group consisting of 
Li, Na, Ca, Mg, Y, and any rare earth element, and 
inevitable impurities, wherein the ratio of the a 
Sialon/the B-Sialon is within a range from 25/75 to 
95/5 in volume. 
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7. The Sialon-base ceramic material as claimed in 
claim 6, wherein the ratio of the a-Sialon/the B-Sialon 
is within a range from 30/70 to 85/15 in volume. 

8. The Sialon-base ceramic material as claimed in 
claim 6, wherein z is larger than 0 but not more than 2.0. 

9. The Sialon-base ceramic material as claimed in 

10 
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12 
claim 6, wherein said S1 and S2 are contained in an 
amount from 5 to 30 percent by volume in total. 

10. The Sialon-base ceramic material as claimed in 
claim 6, wherein said at least one combined phase-form 
ing component is contained in an amount from 2 to 10 
percent by volume. 

* * * * * 
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